We revisit the analysis of Costanza et al.
Introduction
Ecological economics is a transdisciplinary field of study. It is influenced by and has influence on a broad range of disciplines and topics. We revisit the analysis of Costanza et al. (2004) of influential publications in ecological economics to discover what has changed a decade on. We compare our findings with this previous work to determine how the journal and the field have changed in the intervening period. We analyze what literature has had the most influence on the field in the last decade, as indicated by citations made by articles published in Ecological Economics (EE) , and which publications in the journal have had the most influence both on the field and on the wider scientific community. We also look at the most common topics of the influential papers to find which are the most important current topics in the field.
An important caveat regarding our analysis is the question of whether the changes we find are due to changes in the field of ecological economics or due to changes in the management of the journal, Ecological Economics, and the market for publications in the field. In 2004, Robert Costanza had been editor for all but one year of our sample. In the past decade, Cutler Cleveland and Richard Howarth have been the editors. The numbers of submissions and published articles have both increased strongly and the journal has become more selective.
There are also more alternative outlets for publications in this field. Costanza et al. (2004) carried out an analysis along similar lines to the current study and found a broad range of influences on the field of ecological economics. As the field was still quite young, inward influence from classic articles in the broader environmental and economic literature were more influential on the field than were the articles actually published in EE. But the authors argued that this was likely to change as the field matured, as some articles published in the journal were receiving high numbers of citations per year. So, it is interesting to now follow up on that prediction. Ma and Stern (2006) followed up Costanza et al.' s analysis by comparing EE and the Journal of Environmental Economics and Management (JEEM) in order to understand the differences between transdisciplinary ecological economics and mainstream environmental economics.
Literature Review
They found that "there is a significant overlap between the two fields at the journal levelthe two journals cite similar journals" but that "ecological economics tends to cite (but not be cited by) general natural science journals more often than environmental economics does, environmental economics cites more heavily from journals rather than other publications, and citations in environmental economics are more concentrated on particular journals and individual publications." (p491) There was much less similarity at the level of individual articles: "Non-market valuation articles dominate the most cited articles in JEEM while green accounting, sustainability, and the environmental Kuznets curve are all prominent topics in EE." (p491) We are interested in finding out whether the pattern of citation links to the natural science literature has been sustained or not and how the topics of influential articles have evolved.
Castro e Silva and Teixeira (2011) showed how the topics covered in EE evolved from 1989 to 2009. They "note that ecological economics experienced an 'empirical turn' reflected in a shift away from exclusively formalized papers towards exclusively empirical and, to a larger extent, 'formal and empirical' ones" (p849). An interesting question is whether there has also been such a shift in influential papers or whether theoretical papers remain the more influential. Hoepner et al. (2012) Economics using textual data analysis. His results "point to the increasing importance of the evaluation of ecosystem services in ecological economic discourse". This causes him to "question the kind of transdisciplinarity promoted by ecological economics" (p458). Our results will show how the topics covered by the most cited papers in the field, including ecosystem services valuation, have evolved in the last decade.
Methods and Data

Identifying the influential publications
The main analysis in this paper is based on a set of the most influential articles that we constructed as described in the following. First, we distinguish between inward and outward influence. Inward influence occurs when publications are cited in articles published in EE.
Outward influence occurs when articles published in EE are cited in other publications.
To measure inward influence, we compile a database of all the sources cited in articles in EE over the 11 years, 2004-2014 , and select the most cited sources. We limited these to all articles that received more than 15 citations in the journal in the period. We excluded institutional authors such as the IPCC and UN. We also collected the total number of citations to the identified publications in the Web of Science (WoS) as a whole and in Google Scholar (GS). We used a variety of techniques to ensure that we had a comprehensive list of publications that received more than 15 citations in the journal in the period, and all of the citations to a publication were counted. First, we made a substantial effort to identify orphaned citations -citations to an article that should have been added to the total but were listed separately because of small variations in the recorded details of the publication. We examined all publications that have 10 or more citations and combined all orphaned citations.
This gives a more comprehensive list of articles that received more than 15 citations. For journal articles that have correct DOIs, we used these DOIs to identify the articles and collect the associated WoS citations. For journal articles whose DOIs were missing or entered into the database incorrectly, we used a combination of the author's name and year of publication to identify the publication and collect its WoS citations.
For monographs and edited books, we followed the approach used by Costanza et al. (2004) . This search identified 57 title entry variations, which we then used for the next search using the "Cited Work" search. To measure outward influence, we examined the citations received by all articles published in the journal in the same period. We downloaded data on all the articles published in given year (Thomson Reuters, 2014) . Though this selects papers in recent years that have low numbers of citations so far, Stern (2014) shows that early citations are quite strongly correlated with long-run cumulative citations and so many of these papers will turn out to be very influential. Costanza et al. (2004) selected 71 highly cited articles from the journal, which is about 5% of the total. We decided to extend coverage to 10% of items in each year.
Ecological Economics
We also collected the number of GS citations to each of the identified influential articles. We collected GS citations to these articles on 6 March 2015. If the borderline between the top 10% and the rest of the articles falls inside a group of articles with a common number of citations we use the number of GS citations received to determine the cut-off point within that group. If articles on both sides of the 10% line still have the same number of GS citations, we then remove those articles that share the same number of citations as those over the borderline. This made the most difference to the 2014 articles where many articles have only one citation. Table 1 presents the number of articles selected in each year and the cutoff points in terms of citations used in each year. We also counted the number of citations these articles received in EE alone.
Identifying the influential themes
We identify the importance of the various subject themes of the most inwardly and outwardly influential publications by attaching a theme to each of the 679 most influential publications that we identified. After eliminating duplicate publications that appear both in the inward and in the outward influence lists, we obtained 635 unique influential publications. These publications are then clustered following a descending hierarchical classification method (Reinert, 1983) applied to the words used in the titles of these publications. This clustering technique proceeds from a contingency table that enables us to count the presence or absence of words in a given title. All the words found in the titles (except pronouns, conjunctions, and some adjectives) are placed in rows; the 635 unique publications are placed in the columns.
The hierarchical descending classification commences by splitting the ensemble of columns into two contrasting groups in terms of the presence or absence of the occurrence of words.
These two clusters then contain mutually exclusive vocabulary so that words present in one cluster are relatively absent in the other one, and vice versa. We test whether there is a significant difference in the relative abundance of a word inside and outside the cluster using a chi-square test evaluated at the 5% significance level. The classification then proceeds via an iterative process: the largest of the two clusters in terms of number of publications is divided into two contrasting groups; then amongst these three clusters, the largest is again divided; etc. The iterative process stops either when the number of clusters predefined by the analyst is reached, or when no significantly different vocabulary can be found in the largest cluster. We repeated this iterative process by progressively increasing the number of clusters requested so as to get the finest possible clustering. In our case, we obtained 53 clusters. We then label the clusters according to their main theme words, and proceed to reallocate publications that have been misplaced and to amalgamate clusters that are very close in theme.
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Using this algorithm, we obtained 22 clusters (i.e. 22 themes). Only 5 publications remain unclustered. Table 2 presents the full list of 22 clusters (themes) and some statistics.
Journal level data
In addition to this main analysis, we repeat the analysis of Ma and Stern (2006) on which journals are most cited by EE and which journals cite EE most using data from the Journal Citations Report for the period 2004 to 2014. Pearce et al. (1989) , and Costanza (1991) , all "foundational" books.
Results
Inward influence
The most inwardly influential publications in the 1989-2003 period dealt with the themes of ecological economics (15.6%), and conservation, ecosystems, biodiversity, and species (11.7%). Altogether these two themes represent only 9.5% of the citations in the second period. Instead the themes that became influential are valuation (9.5%), social aspects of environmental issues, including behavioral and institutional dimensions (7.9%), and the exploration of the relationships between the economy and the environment (7.3%). This article also has the highest average citations per year. However, it is not the most cited article in Ecological Economics. This is Engel et al.'s (2008) article on designing environmental service payments (PES). This shows a divergence between outward and inward influence that will be explored further below. Many of the most inwardly influential papers in this group (i.e. papers that were both highly cited in EE and highly cited in general) are on PES. Engel et al.'s paper is also the second most outwardly influential paper (i.e. those cited in WoS) in terms of citations per year. 14 of the 33 top articles ranked by EE citations contain both the terms "ecosystem" and "service" or "environmental" and "service" in their title and others appear to be on related themes, indicating the importance of this theme in EE in this period. We also observe a fairly strong correlation between EE cites and WoS cites for these papers, indicating that highly cited papers in EE are also highly cited elsewhere, with an average ratio of about 5 WoS cites for every 1 EE cite. This indicates the broader influence of papers published in EE beyond the journal itself. This may also be because in the last 10 years the accessibility of journal articles has increased dramatically and where a paper is published now has less influence on who reads it and cites it.
Outward influence
How have things changed since Costanza et al. (2004) ? First, some of the articles in Table 3 and Figure 2 have very substantial WoS citations, which was not the case for articles Table 4 . In the 2004-2014 period, the influential papers published in EE on the three themes related to ecosystem services (payment for, valuation, and categorization) received the largest number of citations (12.6%, 10.1%, and 10%, respectively, 32.7% altogether), while sustainable development and ecological economics decreased in importance and received only 6.5% and 4.1% of the citations to influential articles, respectively. Table 4 shows the results of the thematic clustering procedure. The largest cluster -on the theme of "behaviors and institutions" -contains 50 publications, closely followed by 49 publications on "valuation." The smallest cluster -on the theme of "land use" -contains 9
Influential themes
publications. However, if we aggregate the three themes related to ecosystem services (payment for, biodiversity, and categorization) their total number of publications is 85, indicating the prevalence of this topic. In terms of citations, these three themes together had 25% of the total citations (an average of 78 citations per paper for these themes, compared to 43.4 citations on average for all identified influential publications), with the next largest cluster -"valuation" -having only 6.9% of total citations.
The number of applied themes does suggest that there has been a move away from the dominance of the more foundational themes. However, it is hard to determine from the theme analysis whether EE has produced more influential applied papers in the last decade than previously. We might expect theoretical or review papers to be more influential in EE. compare two PES schemes. While these studies are applied, their results and outcomes are very general so that they can easily be mobilized in other research to provide overview data that helps in framing more specific issues. Nevertheless, an analysis of the co-occurrence of the words contained in the titles suggests that the growing influence of (payments for) ecosystem services is coupled with an empirical trend. When splitting the timeframe into two periods, we can even distinguish two phases of this evolution: under the editorship of Cutler Cleveland, 9% of the influential publications associated the terms "theory" and "practice" in their titles; and 9% of the influential papers published under the editorship of Richard Howarth (from 2008) contained both the words "case" and "study" (ranked as the fifth most frequent association of words in the titles of articles published since 2008). It also seems that the emergence and influence in the last decade of themes such as PES or more broadly ecosystem services has led to more applied papers, especially under Richard Howarth's editorship (Table 3 ). 
Journal level analysis
Discussion and Conclusions
We have described and plotted the publications in the broader literature that have influenced EE (inward influence) based on their citation rates in EE, and the influence of articles published in EE (outward influence) based on citation rates in both the journal itself and the broader literature (WoS and GS). We have also described how these citations have changed over time and how the citation rates of major themes covered in EE have changed over time.
These patterns are complex, but we can draw a few conclusions.
EE is a unique, transdisciplinary, journal that cites and is cited by a broad range of other sources. In its first 14 years (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) it was building its reputation and the inward influence in citations was much larger than its outward influence. This has changed to some degree in the 2004-2014 period. As Figure 1 shows, papers published in EE now average 5 citations in WoS for every one in EE, and some have garnered hundreds of WoS citations.
As for inward influence, publications in EE often cite publications from general interdisciplinary natural science journals and books, again a testament to its transdisciplinary nature. Citations to economics journals whether environmental and resource economics journals or core economics journals have declined and environmental and resource economics journals have also dropped down the citing journal list, as shown in Table 5 .
Interdisciplinary environmental studies journals increasingly dominate both the cited and citing journal lists.
EE is now 26 years old. Its themes and publication patterns have changed dramatically over that period, but it has retained its commitment over three editors to being a unique venue for research that transcends disciplinary boundaries. 
